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Evaluation of the Dietary Synbiotics of Sargassum horneri Celluclast
Hydrolysate and Lactobacillus plantarum and Their Effects on the Pacific
White Shrimp Penaeus vannamei
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This study evaluated the effects of dietary synbiotics using Sargassum horneri celluclast hydrolysate (SCH, prebi-
otic) and Lactobacillus plantarum (LP, probiotic) on the growth, feed utilization, immunity and disease resistance
of Penacus vannamei. Six diets were formulated: Control (S0), 1% and 2% SCH-supplemented diets (S1 and S2),
and the same diets each supplemented with 1% LP (SOLP, SILP and S2LP). Eighteen tanks (180 L) were randomly
assigned to the six dietary treatments, with three replicates of 25 shrimp (2.01 g) per tank, for 6 weeks. Growth and
feed utilization were significantly increased in the S1LP group compared with those in the SO group. Nitro blue tetra-
zolium activity was significantly enhanced in the SOLP group compared with that in the SO group. The S1, SILP and
S2LP groups showed significantly improved lysozyme activity. Superoxide dismutase and catalase activities were
significantly enhanced by the S1, SOLP, SILP and S2LP diets. Notably, shrimp fed the S1, SOLP, SILP and S2LP diets
showed significantly higher disease resistance to Vibrio harveyi than those fed the SO diet. Therefore, the combined
supplementation of dietary 1% SCH with 1% LP improves the growth, immune and antioxidant capacity and disease
resistance of P, vannamei against V. harveyi.
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N =2 Vibrio harveyi= 2the] Aol Al 71 RIHSHA| 22| %= 1
Ao, 87 AEF Ay OS] Y S o= WA

Blcte| Af$-(Penaeus vannamel)= 3 A|AA 2 714 e
PAE AR, B AT AR BRIk 1 A
Al A A1R19] 4] 0.2 2] 2L JTFAO, 2024). 1]
U k4] o) Siefoh D AMge] sk Al 2
S NIEES o1l 3o, of= FA Ard Astet A
2 £410] g o] ¥l Qok(Kumar et al., 2023). Vibrio
& Al Al FAIM 71 St A = A A /1o, ZF
#Ad AL, of7iu] WA, 2] A5 ohefR e frdstod
E 83} AES 41746 ASHAIZICKumar et al, 2021).

o] #5}E A ol A #FEcHZhou et al., 2012). V. harveyi
= M9 Qluu asktkS Fall R dste] 1, I, AlE
T e 220l 5 YARE Yo7|al volrt A8 A8t A|
A 135} B HEE S of7) A 71 cK(Saptiani et al., 2020). E3F V,
harveyi= -2 5, 1A=, F71E F4] T oS &7 21l
utet §43] FA817] wjitoll, V. harveyi -2 obAlof, E4
4, 9@UE T2 w7l A 7L 71 of Bl et
% hhz Q1A% 3L Qlth(Zhang et al., 2020). Alwt/d A o] v
Aloll= 2 YA7t 4 o & Sg-rof ghout, gHgA| o] &
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7|4 R AREE W S, S, FANE W R
e S8 22 BAIE oItk (Yuan et al., 2023). 3], =
AHA1E ] A 2ol Tt = A A Q1 A7 73St A, B
A7) ol Ay ghe) WAl 2|45 a1 e Heke 2
7Pk QleK(Ljubojevi¢ Peli¢ et al., 2024). Z|Loll= YA =
A = Sl A el 7154 A7 A o] s
o]Fol|aL glom, o] 23t B -85t WY S 2 A
A WA A7 FERE T Qe Dawood et al., 2018).

W AP o) 1 A}k Sargassum horneri)yS- X H d7F =y ¢1¢
ol hFo 2 f=lo] Azet A, AAA ZAIE =
3}l It Wen et al., 2016). AT o] xS tfj = H-3-+= 3
7tz o} s AR At o) shAel A ol
AAA BEZ 22 T A Al A daFe v
(Han, 2024). o]jt 8= o §HEE)31 g o0, %7 9
2fof] ureh gt o1 2} H]-g-o] 4 Q &1 Qle}, Z1eju; AR 7HA]
Aol mAte] AL elst MRk bl g e AHo.z, ol BEHe
2 943 4 Qs 714 sl BAslt FoEAE WAl
RS o] AKalginic acid), $3o|tH(fucoidan), Z2|H=
(polyphenol), Z&+E =0] =(flavonoid)e} -2 thoFst A 2|e
3 EAE TRBAL QoA dHitsl B, Bt S Hol
Ao R HE 3 Qlt(Wang et al., 2019). o] ¢17Lof| A=
Aol mApko] W latol chat Blcke| o] wel w7t 2 A
FAS FA 7= Ao Z BRI EQtEom et al., 2020; Kim
etal., 2024b). Z1efut, STk A9 A of] A o] AR v
o2 WK 79, 2513 44} vejelo] RA el ojRke 7]
2= Ao g BuEtiEom et al., 2020). 3 =5 W o] T} =35k
44474, E23ls(polyphenol), Tl ke] A7} 25187
Qope 45 IR 4 7] el A0 2R ekKim et
al,, 2024b). w}EhA, 2 Aol Aol EAte] BAH el
FAF= Faspetal AYEA 75 FHislstr] figt weke
2, mejulol o8 AR A 28 7154 S BrstA sl

Lactobacillus plantarum (LP)2 E7]/ At O 2 QF4] A
2 Y ZRdlo]eglAg de] o]fE 1 gltk(Piccolo et al.,
2015). LP= plantaricin, lactic acid®} 72 & E21S YA
sfo] Welel S ojAel A vlgE #HS 2okl
559 " Y& Eole 9T ThKim et al., 2024a). Stk
M- Akl LPE A4 (1 X 10° CFU/g) o2 7k
AR AbmAEo] AL, V. harveyi ZFF el tiet ARA
o] Holx|= A o2 Wi Qlrh(Hui et al., 2023). Aol
Ak} 22 a5 §o) o) 2.8 A0k LPe] B3t 17}
570 polelah AATHS £ 4 YonE N2 7]
A AR = wWo] A5 AL QIth(Lopez-Santamarina et
al., 2020). wHebA], 1 A= AbE W A o] AR LPO) ¢
= R 24 A7) Ackee-o) 44, vSold weje, 3
4beke 9V, harveyioll thgt A A5 d ol v A= = B2t
shaa) e ek,
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Ao AR WA o] IR F AR E(S. horneri cel-
luclast hydrolysate, SCH)-> A|F=tli &} afj el e s} 3 48
=AY o838+ 4A (Jeju, Korea)ol| A Ala-wtekct. SCHE)
AA7IEELS Celluclast G471 (Liyanage et al., 2025)
o7 e glon, SCHY| JPAdie 2ad 9.95%, =
A2 3.08%, /35 45.6%, 3|5 30.4%, 5 11.0%%2 A
Eo] Qltt. LP= KCCMI2116 w5 Q180 (Kjongkundang
Health Co., Ltd., Seoul, Korea) A& |2 o] 83} o,
S LAAl= 1784270 mg)d 4.0x10° CFU (1.48x 10"
CFU/g)E FH3tict.

ez

N ZALE(S0)2] F thillZl Yo 2 of B MR HAME, &
B, 9 Aol RS ALGBHA O], 7 (WA T hTILEE
AHE-5F T Table 1). 57§¢] A AbR= SO Ab=o SCHE 7t
7110, 20 ghkg (S1, S2)& A7s}1, S0, S1, S2 AF=o| LPE
Z¥7} 10 g/kg® 715101 (SOLP, SILP, S2LP) & 671 2] A A}
25 AT AR AR AR Wt BE YURE
Tkl Y 10%2] 575 A7FsHeh Abe W At
O] APEE WA|sl7| flaf, & WS AAlste W2k =gk Al
AHlo] ZFakE AL k= A¥ 7] (PMI120; Bottene F. 11i Snc,
Marano Vicentino, Italy)E AR5} 2 mm 7|2 A3}%
ok AR E AAEEE 25°ColA] 12417 A% 3 YA O)R
ot ARE-SHI T
Aoz W LP 5=

At W LP 5525 2%1517] 9le AFAIR S #4igh &, A&
522 0.9% NaCl €9 5 mLe} 37 50 mL U2 FHof do]
E2elAstge} o] 3 A|RE 5000 g 4°ColA] 5 min B¢ ¥4
2ot ASAE 34519 o, o] & HatH 2% NaCl 7t
Lactobacilli MRS agar (288130; BD DIFCO™, NJ, USA)<]|
100 pLA =2t 3 30°Cofl 4] 48 h vijFateict. viF 3 g4
H CFUE Asate] 525 A3 A, 2|15 AdAE U LP
wl 6.99+0.81 % 108 CFU/g (n=5)°]2lt}. A& 717k B2t
YH4C) BatE AFE i LP Ak P4 B8] 9
a AR 717 Bt vl FUst o R AFALR 3OS
2 CFUE &7st3tt. 1 A, AA| 717 54t A= W LP A
T4 4.45+0.08 % 107 CFU/g (n=6) =22 & 92| = 9it}.

ABNRe} AL T2
Aglol] AHEE STk AL A% R (Sinan, Korea)ol

A BT U A= ARSAR A7 6527 A
AFR(CJ Feed & Care Co., Ltd, Seoul, Korea)S 53514



Bt A AbR W] gAY o] AL, Lactobacillus plantarum 387} &3}

Aol A-gAAc & 450ut2] o] A AH(FLTA
0 FE 25u}aw 1871] 1% <=2(180 L)°f
= , ZH At 3R O = wi ST A 2
o] W7 FHES o8t 12 light:12 dark= 44515
o}
.

AR & 651 s, 05 (Ao S
A% SIS Ssto] AFO 4-6% SFEOR AT Fol

A= i 63](08:30, 10:30, 12:30, 14:30, 16:30, 18:30
hyoll 24 Folstaltt. 2 #e|E sl Eatadt 22
Pro20 Dissolved Oxygen Instrument (YSI, Yellow Springs,
OH, USA) 7|7]& ©o]&35}o] mjd =435}9 2™, pH+= Seven
Compact (METTLER TOLEDO, Columbus, OH, USA)=,
& -2 Master Refractometer-S28M (ATAGO, Tokyo, Japan)
& ol 5to] v SRk AR W Lo} B Ver
douw et al. (1978)2] o] whef i3 3t 22 S74sto]
e A&HoR wUHPIATh ASAY JIZF B BE
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A 4220 2ALE 6.71+0.14 mg/L, QEUo} FE
0.16+0.02 ppm, =& 30.3+0.9°C, pH= 7.33+0.36, A1

2332+ 1.5 pptE A= ek

Samplingdt £

ARRAY 22 3 BE A9 E F7|(final body weight,
FBW)&} ull-E S4l5t0] EE(survival), SH-&(weight
gain, WG), &7H34-E(specific growth rate, SGR), AtZ A=
(feed conversion ratio, FCR)2} Thal 2 o]-8-§ S(protein effi-
ciency ratio, PER)S AASFGI T ZF =204 AEAS-E F
29| = Adsto] 3utg] o] -5 d-3&of vk skalt. UPHE]
A9-2] hemolymphZE A |3+ &, &-3-314|(Alsever's solution;

Sigma, St. Louis, MO, USA)E 1:2
HAEZ](800 g 20 min, 4°C)3}o] T3

{Xe)

Ev_

Mg EFBHr. o F
e}, Hele

L WEC0C) makeislch Bk o 78 ol g3l
AL} o]

THAS AZslo] AR Lo ZASAT A

Table 1. Dietary formulation and proximate composition of the six experimental diets for Pacific white shrimp Penaeus vannamei

Experimental diets

Ingredients (g/kg)

SO S1 S2 SOLP S1LP S2LP
Fish meal (Anchovy)' 50.0 50.0 50.0 50.0 50.0 50.0
Tuna byproduct meal? 50.0 50.0 50.0 50.0 50.0 50.0
Soybean meal 420.0 420.0 420.0 420.0 420.0 420.0
Squid liver meal 50.0 50.0 50.0 50.0 50.0 50.0
Wheat flour 198.0 198.0 198.0 198.0 198.0 198.0
Starch 120.0 110.0 100.0 110.0 100.0 90.0
SCH? 0.00 10.0 20.0 0.00 10.0 20.0
Lactobacillus plantarun 0.00 0.00 0.00 10.0 10.0 10.0
Cod liver oil® 40.0 40.0 40.0 40.0 40.0 40.0
Mono calcium phosphate 30.0 30.0 30.0 30.0 30.0 30.0
Cholesterol 2.00 2.00 2.00 2.00 2.00 2.00
Lecithin 10.0 10.0 10.0 10.0 10.0 10.0
Vitamin Mix® 10.0 10.0 10.0 10.0 10.0 10.0
Mineral Mix’ 20.0 20.0 20.0 20.0 20.0 20.0
Proximate composition (% dry matter)
Crude protein 321 325 325 32.5 32.3 32.7
Crude lipid 8.05 8.07 8.13 8.14 8.16 8.00
Ash 9.49 9.90 10.1 9.90 9.68 10.2
Moisture 4.45 5.06 5.28 511 4.62 5.09

'0rizon S,A., CO., Ltd, Santiago, Chile. *Wooginfeed Industry Co. Ltd, Incheon, Korea. 3Sargassum horneri celluclast hydrolysate; Depart-

ment of Marine Biomedical Sciences, Jeju, Korea. ‘Department of Marine Biomedical Sciences, Jeju, Korea. SE-wha oil & fat Industry Corp,

Busan, Korea. *Vitamin mixture contained the following amount which were diluted in cellulose (g/kg, mixture): L-ascorbic acid, 6.4; DL-a
tocopheryl acetate, 37.5; Thiamin hydrochloride, 5.0; Riboflavin, 10.0; Pyridoxine hydrochloride, 5.0; Niacin, 37.5; Ca-D-pantothenate,
17.5; Myo-inositol, 75.0; D-biotin, 0.05; Folic acid, 2.5; Menadione, 2.5; Retinyl acetate, 1.72; Cholecalciferol, 0.025; Cyanocobalamin,
0.025. "Mineral mixture contained the following ingredients (g/kg, mixture): MgSO4, 80.2; C4H2FeO4, 12.5; KCl, 130; FeSO4. H20, 20;

CuSO0O4. 5H20, 1.25; CoSO4, 0.75; Ca(103)2, 0.75; AI(OH)3, 0.75; ZnSO4. 7H20, 13.75; MnSO4, 11.25; CoCl2, 6H20, 1.



700

o
g,
o

&
gk

Aol YRk EEA S AOAC (2005) B ol whel A8y = glch,
Zohzl o Hizlm2thl A B A 7] (Kjeltee™  system 8100;
FOSS, Hillered, Denmark)® 2435} t). =22 A7 A
23¥(125°C, 3 h), 2% AL Folch et al. (1957)] B o &
At o, 3lEe A BISH(SS0°C, 4 h) o2 A5kt
Phenoloxidase (PO)$} nitro-blue tetrazolium (NBT) €/ =+=
Z}7} Hernandez-Lopez et al. (1996)3} Zhang et al. (2013)2] 5
WO 2 B34t Lysozyme 42 Ellis (1990a)2] HH -2,
anti-protease &/3-2 Ellis (1990b)2] ®Wlof whe} 243513t
Superoxide dismutase (SOD) &/d-2 SOD assay kit (19160;
Sigma-Aldrich; St. Louis, MO, USA)E Alg-5lo] 43513
11, Catalase (CAT)+= CAT assay kit (DG-CAT400; Dogen-
bio, Seoul, Korea)E ©|-§5to] £AE|Qlct HeHH] 2=
chemistry reagents (AST/SGOT Liqui-UV Test; Stanbio™,
Boerne, TX, USA, ALT/SGOT Liqui-UV Test; Stanbio™)=
o]g-5to] & HAYB}SHLA]7|(CH 100plus; RADIM Company,
Roma, Italy)E F3f| alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST) =& #4314t

AT F2 %, AFASE B 1879] 2660 L) 155
2l 3u o dAIstolc. BANT ASH BATE V.
harveyi (ATCC 14126)2 H| 22|30 7 Arka|Al-2
HPEeN A ZE2IskiTt. V. harveyi= 2% NaClo] 371 tryp-
tic soy broth (TSB; 211825; Difco™) Hlj x| o|| H]jF(30°C, 200
pm, 24 h)sk3ich. viefo] HaH 7= H4w(4,000 g,
10 min, 4°C)ato] A5 HatH e-tubeo]| 342313 2.1, PBS
(pH 7.4) 23] A5} A 2 A W PBSo] Afele
gt 7, OD600° A Z7g7E £ FHATHE T3l 2F $=5
49x10° CFUmMLE A3}t o], ZF $=20]| V. harveyi
e 30 mLE HAsHTh 34| AEAde Belsh
213l ‘broth positive control (broth)-& Z36}9 0™, o|= +
2 1F1A 94 TSB WA S FUT U0 Rojat gz
o1ch. 2 broth ol A &L 100%3 LERE O n, o] 2 53]
A Aol ot At glaE Blsk i S A4 71kt
(112) Sk AFAFR = 12 33)(09:00, 12:00, 18:00 h)o]] L}
o] AT AF2 3%)stR e, 1Y &< HAE &
\

E A3 9] A= SPSS (Version 24.0; International Business
Machines Co., NY, USA) 221348 o] &3slo] 4314}
Shapiro-Wilk 7 AR8-5to] Hlo|H 9] A4S ARSI
o} ZF ARl Well Al Ak 37F 4 1 2pol & HASH] 2l
A ARAFEA (one-way ANOVA)S AAI5L}. 2} aHeo] A
= Duncan’s multiple test (P<0.05)5 £33 ¢4 HA53}
&t o]Z, SCHY} LP2] a7 (means of main effects) 2 AF

ot - HRA - ol4F

2§ AIHSCHXLP)E A5sH7] $18l ol ¢tk (two-
way ANOVA)S 712 35 ¢it). W28 H|o| <= arcsine
W gro = FA 40l ARgston, i 24 HlolE =
Ytk + 2 H X mean + SD)2 YEF Tt

2 o

ARSATS Aa) Al A)9-0] FBW= S1LP=7} S0, S2, S2LP
TRTE §ojF o =okom WGt SGRS SILPL7} S2,
S2LPET} 5212 0 2 =7 UebgtH(Table 2). FCR-2 SI,
SOLP, SILP--ol|A] S0, S2, S2LP LR T} 522 © & L1 PER
281, SILPo|A] S0, S2, S2LPLE T 9014 0 2 =] Uet
with AE8-2 S1, S2, SOLP, S2LP7} S0+ SILP LR Tt -
oA o g =kt A4 Aafol| gt =Ryt 24 A3k, FBW,
WG, SGRL SCH 1% & 717} 2% H7to|| vl8) 90802 =
kom, LP 7t whe 72122l 2foli= FBWoll ARt Lyt
T} AbR &8 A o) A= FCR¥} PER X5 SCH 1% A 717} 4
7V81A] 942 At 2% A7k Aol vl 384 Q1 avprk
2= %t Two-way ANOVA A3}, SCHE} LPY] As 282
A ZE AT -84 2ol & UrEFiTh

H|Eo|& W X B4 Ax}, POL} anti-protease 242 L
= AR 594 2tol7t gl o, NBT €42 SO-tofl H]
3l SOLP-o| A 5-24 22 =tk Table 3). Lysozyme 243
2 S1, SILP, S2LP oA SOLH Tt =gkch a7 vlw 2
3}, SCH 717} 7FebA] o2 A3} vlaLsto] f-2JstHA =&
lysozyme &/d-& H31.0m, LP 7= NBT 4% 5714171
= 7102 YET Two-way ANOVA £4] Avf W 2| 3%
ZARto| A SCHeF LP7E A2 2H8-o] LebLbA] Rttt

707 A& 9 gAkst A Aat, S0+t B]siSCH ®+= LP
A7l o a7t o A|3kof|A kA ek th(Table
4). AST %= S0L7F S2, S2LP-1o]| v|af f-o]A o0& =9f
o} ALT %% 9A] SO77} S1, SOLP, SILP-o] B]3j 42|14
° 7 &0 525 Herh SOD 242 S1, SOLP, SILP, S2LP
71 S0, S2-of| vl 8l 9] 4 0. 2 =3ttt CAT 8/d-> SILP+
7} 80, S2, SOLPto]| H]sff f-2 A o &2 =9fct. Fax 24 4
3} AST %= SCH 2% A7}7}F 0% A 7}el vlaf §-2J54A 7
243}9ith. SOD, CATO| A= SCH 1% 717} 0%, 2% A 71E
o} G-ol5HA E3ken, LP 1% 7171 0% 271l v]sl g-2ls}
Al =2 A= YEyTh

Two-way ANOVA £4] A1}, SCH} LPY] A& 282 CAT
Aol ATk ekt Vo harveyi 191E S AAES 1Y%
Sk 3FITH(Fig. 1). A wAf HAbs A -4 Gxpof| WAL
o} 1197ke] A AE Ax} S1, S2, SOLP, SILP, S2LP-2] A
Z£8(48.9-64.4%)2 SOH(33.3%) et G-olH o7 =g9lon]
SCHe} LP 7}7}0] =R wtofl A 0] 2] 91 2ol 7}k Lrebt oLt 4
ARG | X] oFotTt.
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~-Broth #S0 ~S1 {13S2 -OSOLP @S1LP +S2LP

100 =9
Means of main effects
80 [ TscH 0 | 411£7.33
1 48.95.36° a
S 60 | 2 | 48.3x4.78 =ab
= LP 0 | 41.35.26° —be
g 1| 50.9+3.92° -¢
2 40 I "Two-way ANOVA —p value _y
@ SCH <0.001
20 | LP 0.001
SCHxLP 0.527
O " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " "
1 2 3 4 5 6 7 8 9 10 10

Days (d)

Fig 1. Cumulative survivals of Pacific white shrimp Penaeus vannamei after challenged against Vibrio harveyi. The shrimp were immersed
with V. harveyi suspension containing 4.9x10° CFU/mL. Triplicate groups of shrimp were hand-fed with one of the six diets three times a
day during the challenge period. Experimental diets were prepared with three levels of SCH (0, 1 and 2 g/kg) and two levels of LP (0 and 1
g/kg), designated as SO, S1, S2, SOLP, SILP and S2LP, respectively. Broth treatment was positive control. Values are mean of triplicate and
different superscripts denote significant difference (P<0.05).

o F oF9S W AET ALRAEO] FIE L, Albto] A
A FHSILP)olA] 71 32 Ad4at AbR g0l ERlE gt
2 Aol A= At SCHEE LPE 717} 1% =228 A7} Chin et al. (2024)-& 3lt}e] A% AF2o] LP (1 x 10° CFU/mL)

Table 2. Growth performance, feed utilization and survival of Pacific white shrimp Penaeus vannamei (initial body weight, 2.01+0.01 g)
fed the six experimental diets for 6 weeks

Diets FBW! WG2 SGR® FCR* PER® Survival (%)
S0 11.2+0.32° 461+12.5% 3.92+0.05% 1.48+0.122 2.01+0.17% 84.0+4.00°
S1 11.4+0.38% 486+18.8% 4.02+0.072 1.28+0.05 2.31+0.10° 97.3+2.312
S2 10.8+0.520 440+26.0° 3.83+0.11° 1.49+0.05° 1.97+0.07¢ 96.0+4.00°
SOLP 11.9+0.18% 487+11.0 4.02+0.04% 1.35+0.04° 2.18+0.06% 100+0.00°
S1LP 12.2+0.59° 51134 .4 4.11+0.13° 1.31+0.02° 2.24+0.04° 82.0+8.49°
S2LP 11.0+0.80° 455+43.2° 3.89+0.18° 1.49+0.04° 1.95+0.05° 96.0+6.93°
Two-way ANOVA
SCH 0.044 0.027 0.028 0.002 0.001 0.123
LP 0.045 0.119 0.133 0.343 0.577 0.925
SCHxLP 0.604 0.924 0.932 0.142 0.122 0.001
Means of main effects
SCH 0 11.5+0.44% 474418 3.97+0.072 1.42+0.112 2.10+0.15° 92.0+9.12
1 11.7+0.582 496+26° 4.06+0.97¢ 1.29+0.04° 2.28+0.08° 91.249.55
2 10.940.61° 448433 3.86+0.16° 1.49+0.042 1.96+0.06° 96.0+5.06
LP 0 11.140.44° 463+26 3.92+0.11 1.42+0.13 2.10+0.19 92.4+7.06
1 11.6+0.70? 481+36 3.99+0.14 1.39+0.09 2.11+0.14 94.0+9.07

'Final body weight (g). >Weight gain (%)=(final body weight-initial body weight)/initial body weightx100. 3Specific growth rate (%)={[log
(final body weight)-log (initial body weight)]/days}=100. “Feed conversion ratio=dry feed fed/wet weight gain. *Protein efficiency ratio=wet
weight gain/total protein given. Experimental diets were prepared with three levels of SCH (0, 1 and 2 g/kg) and two levels of LP (0 and
1 g/kg), designated as SO, S1, S2, SOLP, SILP and S2LP, respectively. Values are mean of triplicate groups and presented as mean+SD.
Values with different superscripts in the same column are significantly different (P<0.05). SCH, Sargassum horneri celluclast hydrolysate,
LP, Lactobacillus plantarum.
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oF BARKS. polycystum) 2%E &3 H716t9S o 474, A
BaE, AEE] NAEATL Basgicy dutA o A}
o| QE XA 7] ot Slthe| Ao AHE S AW £
0] o] FAE|AL 4Bt R 40| FAJo] ZeprbH A G
o] Z2=go] Eolzltial &%t Hasyimi et al., 2020).
gHlo| Q E] Ao Of3f %= B o HIEFYZ o] 79| Aol
A Atk o) BEQIAE 28 Byt oo ) o
A AE YA 4= eH(God et al., 2023). 2373 % T
42HE AW pHE R500] 23ta s BAS S5k 2oz &
A QIth(Baruah et al., 2005). Alv}o] LEIATL H71E Al&
= M- A f-ate] S41S SX1ska T A f 12 o] 4
S-S 7= A2 B R th(Khanjani et al., 2024).
S Avl A (Micropterus salmoides)ys 402 3F ¢1tof| A=
Bacillus subtilis (1.0 X 10" CFU/kg)®} mannan oligosaccha-
rides (2.04.0 gkg)s &3t J7Igh AlRE 353 o,
amylase®} protease®] g0l F7ste] g0l = Tt
I B % QItK(Yang et al., 2020). & o1 Apof A= A4 L
AtE A8 A| 3o A= SCHEFLP 7He] SAI A 0= 903t ke

Table 3. Non-specific immune responses of Pacific white shrimp
Penaceus vannamei fed the six experimental diets for 6 weeks

Diets PO! NBT?

Lysozyme® Anti-protease*

S0 0.14£0.02 0.68+0.16° 0.64+0.09° 86.8+3.43
S1 0.18£0.03 0.80+0.18* 1.44+0.38> 86.9£0.59
S2 0.17£0.04 0.97+0.17% 1.34+0.56* 87.8+2.28
SOLP 0.20£0.02 1.07£0.112 1.12+0.35® 85.8+3.17
S1LP 0.18£0.03 1.00£0.24%® 1.53+0.222 91.7+10.5
S2LP 0.19+0.03 1.00+0.13% 1.44+0.57% 86.5+0.63
Two-way ANOVA
SCH 0.914 0.635 0.048 0.558
LP 0.175 0.046 0.259 0.719
SCHxLP 0.262 0.321 0.655 0.487
Means of main effects
SCH 0 0.17+0.04 0.88+0.25 0.88+0.34* 86.3+3.00
1 0.18%0.03 0.90+0.25 1.48+0.28* 89.317.17
2 0.18£0.04 0.98+0.15 1.39+0.50° 87.2+1.67
LP 0 0.1710.03 0.82£0.21° 1.14%0.51 87.2+2.14
1 0.18%0.28 1.02+0.18* 1.3620.40 88.016.16

"Phenoloxidase activity (absorbance). *Nitro-blue tetrazolium ac-
tivity (absorbance). *Lysozyme activity (ug/mL). *Antiprotease
activity (% inhibition). SCH, Sargassum horneri celluclast hydro-
lysate, LP, Lactobacillus plantarum. Experimental diets were pre-
pared with three levels of SCH (0, 1 and 2 g/kg) and two levels of
LP (0 and 1 g/kg), designated as SO, S1, S2, SOLP, SILP and S2LP,
respectively. Values are mean of triplicate groups and presented as
mean+SD. Values with different superscripts in the same column
are significantly different (P<0.05).

Ag w7 PkE ) ook, £ 0] B3 A7kl whE A
A K(synergistic effect)= =21%| ] ¢tch. ¥H SCHE= #-2
3t Fa3ts vy on, o= SCH 717t All$-2] A&zt A
RS0 SYHOR G ks AL oujget. 1t
SCH 2% <ol A= A% As7F el = glom, of= Al U]
SCH 7} 422 1% o[312 215K 2lo] HAATHE A4k
t}. o]g) gt A= o] HH(Eom et al., 2020)9] 2119} 213
dieh BES] 49 SILP AT 71 s e ond,
ol W Aol sHbE= e A HeMd Sk dedE Al
= o) A= 29 E e 2dSA R st
= Ajehe] 8 (ladder-type) 474 ES woul, 9] L o)
=2 A8, oA A2l AHF2d Wl Fo] dojuk A4
LE A7 SfebE= @A 0l tHGao et al., 2015). 413 1+
of k2l Al A R|] AT o] B 14 Ei g 25
Flof dAlA A, o] Al7]ofl= = A o] ofslE o] £
Azroli} Bl E3] MIZkeh A 02 1 Eo] Shri(Lemos
and Weissman, 2021; Huber et al., 2023). w}2}A] SILP #{ 2]+
of|A] ¥ W2 AEEE whE Ao e ] HlE ST}

Table 4. Hematological parameters and antioxidant capacity of
Pacific white shrimp Penaeus vannamei fed the six experimental
diets for 6 weeks.

Diets AST! ALT? SOD? CAT*
S0 64.7£12.22 41.5+8.78> 66.8+2.85" 88.6+3.42°
S1 43.3£23.8% 24.1£12.0° 80.9+10.7* 116.1x1.11%°
S2 25.0£3.39° 32.1+4.09% 64.2+8.27° 88.3+2.86°
SOLP 46.0+11.6°® 26.0£8.86° 80.7+7.69° 112.5+4.40°
S1LP 42.5+12.0® 26.1+2.66° 89.6+3.64% 119.2+3.90°
S2LP 30.5+19.2° 28.3+0.75%° 88.3+1.812 118.8+3.90%
Two-way ANOVA
SCH 0.027 0.164 0.027 0.001
LP 0.526 0.121 0.001 0.001
SCHxLP 0.386 0.152 0.170 0.001
Means of main effects
SCH 0 55.3+14.82 33.8t11.6 73.749.19° 99.5+14.6°
1 429416.9% 251+7.87 85.3+8.62* 118+3.09°
2 27.7+12.7° 30.2+3.34 76.2+14.2° 104+17.0°
LP 0 443+219 32.6%£10.8 70.6£10.4> 97.0+14.5°
1 39.7+145 26.8+4.77 86.246.04° 117+4.812

'Aspartate aminotransferase (U/L). 2Alanine aminotransferase
(U/L). 3Superoxide dismutase activity (% inhibition). *Catalase
activity (mU/mL). Experimental diets were prepared with three
levels of SCH (0, 1 and 2 g/kg) and two levels of LP (0 and 1 g/
kg), designated as SO, S1, S2, SOLP, SILP and S2LP, respectively.
Values are mean of triplicate groups and presented as mean4SD.
Values with different superscripts in the same column are signifi-
cantly different (P<0.05).
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ML) Aol A ek A
o2 232 s,

M= FHHS A|A7F AofElo] QlojA] A Aol o3t
TH(Vazquez et al., 2009). Z|Foll= Ao A S =0l
7] SsiA AHHAS ek 4= Sl= 7154 Abm H7HA1 9] 70
dro] Q51511 QIth NBT 242 @5 A= A PAsh= 585
ZHE Ao g2 99 A% A E Brtele tEA
o] Ho] A EZ & K Guertler et al., 2010). LysozymeS
Al Al 0] FE| 22 e7he Sold 0.2 rleRatslol 47
x9) o A4S Lkl Aoy e R, o) el
WS- H7lshs F0 A E AR EICHHu et al,, 2022). SCH
ZRYRFEES EHs St ol B0t
b 228 St QlolAl ARl A7k A4 1S
83 59 4 98 Ao B EQlth(Lee et al., 2020).

H YA o] A2 Fef |z, 5% (fuco-

xanthin), &3 0|t 7} 2 E|-0]| =(carotenoids) & #5517 &+
So1 QlojA) qHats, FEY, BAE 488 B A A%E
NAdEkaL Wl el 7halkel 4= Qltk(Im et al., 2023). 53], &
AZtEte] E(polysaccharide) £ &2l gkefo| u|(Undaria
pinnatifida) ¥ TYA|TH(Saccharina japonica) 2.t} =2 02
RH1E9lon, Eom et al. (2020)2 W o] 2 Hlof| B H]E}
tl3} & o]ek, sulfated polysaccharides@} 7 A 2|24 E2
o] 2Ath2]A1-$-] hemolymphUj] B]E0]2] ] Hh-G-2 3F4fAl
4 4= Q5= A48T Kim et al. (2024b)2 SCHEF 22 A
SR 7R i T FEES 3ke) Y ol
B2 =9 o7 Ao AAAAE A=ske] NBT, lyso-
zyme, PO, anti-protease &4 2] S715 F- =5l thal Halsk
oo} 21Ut 2 A7) Two-way ANOVA 2k 7|2 A8 o
5 FEAc R dXstelon, Mo xR Ao|gk vt
5] EI=|iek Lysozyme 2/l 4= SCHS| F=a 37}
OfHA| Uebt o, o]= Aol Akt [ Aejed &40]
A HS AE AT gth= A8l d-H(Kim et al., 2024b)
o] Bl Ax|gtet. WA NBT /g0l A= SCHE] gkl
OeHA] et oLt LPO| R 7} F516HA UEh, Z2Hfo]
Y& 7P e T8 F8 84 S0l 7ok geld
Q13ict PO%} Anti-protease A]2- 1 oL 27 of| A= SCH
of LP oA fofat 2am} eh iR aigkon), % 21l
g o ARG 3 AR A] oottt o] 3t Ak 54 WY A
FEof| A= A7 Y] Bkt AlgHA o] ALt HE-S-AJ o] RHA| vERE
T A& AARRETE ERE KL= H O R 3ol A SCHRFLP 7H 4
ARG AW EAA LR [Fo5HA] ol & A 2 A=
H| S0] 4] 1 Hh-g-of theh 4lH}o] @ Bl A2 4k 8 b= E¢l |
A gt o= F E-o| WA L Bm W Aol 7]ofg 4
ok, 71 Ago] MY A A HutoA dPE AT FTE avE
FedhA= geths HE AARIT

SOD&} CATE= t)3 &0l gAksl a4 g SHAdAkA

AT A oA ] A= o]

i

AlA3t

et al,, 2023). Ao | HAHS LG} of 2] 2T A Ffigh
- =2 3t Y

FZE&2 carotenoids, phenolic acid, flavonoidE #4317 &+
S84 QoA A A B8 7Hsgo] Erhi 2
#] ltk(Heo et al., 2005). Wan et al. (2022)2 27| (Eriocheir
sinensis) A0l 2 H}0]| QEJA(L, acidophilus and B. subti-
lis)2} Saccharomyces cerevisiaes -8 73S ] SODL}
CAT 3+ o] gkAkE| 9t ¥ 519 c). E3), S. homeri 843
5 H7FeE AFR E A F8E SX N (Pelteobagrus fulvidraco)
of| A ket o] Fx1E Qlrkar H 1% Qltk(Shietal., 2021). 21
-5 td o2 3 Aol A= o) At f 3l 5=
Z=9] H7F7t SOD, CAT €4 =q{thal ¥ ikt Eom
etal., 2020; Kim et al., 2024b). a1} W A S 2180 st &
A4 #4123}, SOD 24| A+= SCHe} LP7} 212t =4
Ao g2 S ST RV ERIF o e A2
T 2] okotet. vk, CAT €/dol| A= SCHR} LP 7}7}+2] 5=
B} tlEo]  aQl 7k f-ofRt A ARGl UET: o=
SCHe}LP7} 7§ 2 o & ghAks} A| Alof] 7] of5l+= FAlell, 57
Akt 7 2(CAT 240l A= 7 a]lo] oA o g 289
AAretet E3A 0 &2, SCH= ZejHlo] LY AR A H4ls) 2
Hof 7]ofs}aL, LP= ZR2HPO| QE AR A 3L 75 HE
SEA|EE, = 2.919] Agto] AREA AR} 2| 3ol A T3R5
B UER A= 9Tt ok CAT 2/gofl 4] 2R1E a2k
82 SCHeF LPE| Zgto] Algh] 9] ol Al Aluto] @82
ANE WA o USE Holpe Ane deE

AST, ALT+= 7t &4 2224 -9 17 =g B7tsk=t|
ZF9Q vfo| eulAEMN E-2E thChen et al., 2019). B4 Ay},
AST 3= SCHe| Faz}] 2J3) Selsh] 7H2sheon,
LP 37F= ASTol| 913t k& mlA[A] ATt ALT 422
A= SCHe} LP 7te] & ot o el Abe 24w o}
EfLEA] oFokom, 7k 7] A & Foll A= ASToll A9k SCH 2%
Aol w2 f-ofRt Malrh EelE Qi duba o= AST+ 2H
Alazato] 4kd A9 wEA @52 WEEE AaRA 2
2 W AbsE AE AT STV R A7 St AT
olth(Al-Dbagh et al., 2020). webx] SCH 7ol A 2He
AST®| G-0lu]8} 7HAs SCH7}F 7H1A Al ute] £A4RS: o34
sho] 22 9] S == AARITE o= sl el of
FR7E Fatst BheS S5k SAAAE SRS AT R
H ZEA 3 EEe] eF A o] okl A o = eIt Ashour et al.
(2025)2 Pterocladia capillaceaS A= U] 27132 uf 2o}z
Aj--2] AR} A4 Ado] [f-ofsHA F7HERAaL AST =27}
s gdokal B 1skgith Ashour et al., 2025). o]t F-AFSHA],
Ulva lactuca, Jania rubens, P, capillacea <%= E5H AL U] o]
7V 7-9-, Pangasianodon hypophthalmus®] 8% AST <=%]
7t 2419, Gatet T B4le] GolabA S7HsterHAD-
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delhamid et al., 2021). H4ke} A= ASIAEY AS 4|5}
o] ARt QIgh £/ e3tgtth(Jomova et al., 2024). = A
ol Al ¥2HE AST =2 2] 74> T3t SCHel ofsf| 73ael g4t
3} w0} 7]7o] THIA Al S A4S ko 2uE Ao
B Hog AR Mt 42X 0= ASTO] {23t Ash=
SCH A gj=tof| ARt &R1%| ¢l o™, o]i= SCH7} A7 %13} 7F
7% Pkl 7118 4= Qs 7154 AbR AR Y HolETh
Aol AU folt FAL sk WUA ARl S
AAE 4= = 7157 AR H7HAI Y] A2 A -9 A7) e
I AP AR ol Fagt defo 2 AAE AL ¢lek(Khan-
jani et al., 2024). S| =5 G2 L2 Zejulo|eHA giE
M5 TR ohoFgt AbsEoll A Hars vl Qo 2 AlE
S35 TR 3 AtollA, A2 B o] A
Aol A7Ve19lS W) LP, L. pentosus, L. brevis@} 2+-2- §-0)+F
o] Z7lsl¢om welato] radl$lal, Streptococcus parau-
beris 7+930l] chgt ARG o] $-elab FAEALHKim et
al., 2024a). Eom et al. (2020)-2 33 Ay o] AFHE B2E-S 4% 27}
3 AF27} V. parahaemolyticus 7% - B1ck2) K-9-0] £ 8L
o203 gRAMFIThT B 5HTh Lee et al. (2016)9] A
Lol A= | X|(Paralichthys olivaceus) At LP2} 7Hell (Eck-
lonia cavays B3t Z7FoF3lS wf v]50] 4 WY wh-3-o] &35t
%31 Edwardsiella tarda, S. iniae, V. harveyi 7+ 0] tf gt A&t
Ao] 73slE]= Ao 2 e Penacus monodons: AFS.
2 3F Ao A= LP (1 x 10 CFU/mL)2} S. polycystum 2%
£ 98 A8t Al E 3RS W V. parahaemolyticus T
5 A2 go] folel A Z715}3ek L 1 aE] ck(Zhang et al,
2011). & AL A=, V. harveyi 52443 3 &8-S SCH}
LPziz}e] Z3sto] ofa] olsb S/t o, ol 17}
A7F 47 Vibrioo] thet A-$-0] ol e S A &2 Al
Atk Ae HolEth SCH H7h= Aol vt -2 e g
/3 dtoll el 3/ 73t At et A o' Holw, LP
S LISV EEET PR EERE P
3 AL Foll 710fet Ao wetEh Jeu SCHeLLP
kst B FAH R fol5A) ok,  adlo] A%
o] A¥ Y Aol thet F7HQl A5 adE Feshie &
=202 2RIt} o]= SCHEFLP7} 7 2 0 2 = ¥ A4
Altoll thet A131d& 7N shAIeE, 1 Agko] =g o) B
& AE A Aol S ElAH A5 5E F3E o]o] A
= EUE= AARRITH
2, Aol A SCH H7He] it 7 ol ot
2} Abo]5HA el on, £3] SCH 2% A 2] 7Ll A= 1% %] 2]
- tB] A W AbR A 0] ASHE = A EFe] ERIE I o]
SCHe] 424 &3/} H7ke 2710l et Mg Ho.2 i
Al ghom, kg 7 Al -] thARE] Rgo] IS 7S
AlAretet el 9l ik} vk ZHol A= SCH 1%2}FLP 1%
S AH7E7F 98 2] #(lysozyme, NBT, SOD, CAT)E 71415}

i
il
)
o

-

o, = ARE BeH o2 Hlet SILP el Fol A A2
£0| S1 A 2]+ giv] frofahA] WA ettt o= &+ H= 3t
A5 A-g-0] synergisticdh HaFo] o} 2} antagonisticdh HEF o
2 2832 Holan, Y= 53 7o) d8Aolle Algte

91 4= 98- ojulhek. ukehA] SCH 1% = LP 1%9] 75
Wk 7154 ARARRAL) S o, T Yael
W ARl tha Rkl AFSloF alel, W7} 4-20] 24
8}, 7] A%, TR WA AT 59| 27} vt Bt

Al AL

o] =2 20199 = A R(I-EH)0] YO R Tt A
9] )& dtot =l e 7] 2 AFALY A (RS-2019-NR040078).
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